Objective: We aimed to characterize epilepsy of infancy with migrating focal seizures (EIMFS), a rare, severe early onset developmental epilepsy related to KCNT1 mutation, and to define specific electroencephalography (EEG) markers using EEG quantitative analysis. The ultimate goal would be to improve early diagnosis and to better understand seizure onset and propagation of EIMFS as compared to other early onset developmental epilepsy. Methods: EEG of 7 EIMFS patients with KCNT1 mutations (115 seizures) and 17 patients with other early onset epilepsies (30 seizures) was included in this study. After detection of seizure onset and termination, spatiotemporal characteristics were quantified. Seizure propagation dynamics were analyzed using chronograms and phase coherence. Results: In patients with EIMFS, seizures started and were localized predominantly in temporal and occipital areas, and evolved with a stable frequency (4-10 Hz). Inter-and intrahemispheric migrations were present in 60% of EIMFS seizures with high intraindividual reproducibility of temporospatial dynamics. Interhemispheric migrating seizures spread in 71% from temporal or occipital channels to the homologous contralateral ones, whereas intrahemispheric seizures involved mainly frontotemporal, temporal, and occipital channels. Causality links were present between ictal activities detected under different channels during migrating seizures. Finally, time delay index (based on delays between the different ictal onsets) and phase correlation index (based on coherence of ictal activities) allowed discrimination of EIMFS and non-EIMFS seizures with a specificity of 91.2% and a sensitivity of 84.4%. Significance: We showed that the migrating pattern in EIMFS is not a random process, as suggested previously, and that it is a particular propagation pattern that follows the classical propagation pathways. It is notable that this study Wendling and Nabbout contributed equally to the manuscript.
| INTRODUCTION
Epilepsy of infancy with migrating focal seizures (EIMFS) is a severe, early onset, developmental epileptic encephalopathy. 1 Identification on electroencephalography (EEG) of a specific ictal pattern called "migrating" seizures, defined as overlapping and multifocal ictal activities, shifting from one cerebral region or hemisphere to the other, [1] [2] [3] [4] [5] [6] [7] is mandatory for diagnosis. Some authors have hypothesized that the different ictal activities may be random or independent; however, this has never been investigated. 2, 4, 8, 9 The electroclinical features of migrating seizures, concomitant with major developmental delay and rapidly acquired microcephaly, confirm the diagnosis of EIMFS. Fifteen years after the electroclinical characterization, Barcia et al reported KCNT1 as a major disease-causing gene (40%-60% in EIMFS cohorts). 10, 11 Mutations of KCNT1 were also reported in patients with focal epilepsies. 11 The induced gain of function was reversed by quinidine, so the latter was proposed as targeted therapy. 12 Few patients were treated, and 50% showed a decrease in seizures and improvement in development. 13, 14 Factors predisposing to good response are young age and EIMFS phenotype. 15 However, KCNT1 mutations are not constant in EIMFS, genetic results can be long or difficult to obtain, and finally, these gene abnormalities are not exclusively reported in EIMFS. 16, 17 Therefore, early diagnosis of EIMFS is challenging, and the identification of additional specific markers would be a major advance for diagnosis. We aimed to determine spatiotemporal characteristics of migrating seizures, characterize epileptogenic networks, and explore specific EEG markers using quantitative analysis of ictal EEG in patients with EFMSI due to KCNT1 mutation in order to help early diagnosis and a better understanding of seizure onset and propagation.
| MATERIALS AND METHODS

| Participants and data collection
We included EEG recordings of patients with EIMFS caused by KCNT1 mutation, realized before the age of 1 year during the stormy phase and followed in the network of the French reference center for rare epilepsies. This study was approved by the local institutional ethical committee (Necker), and written informed consents were obtained from all parents.
We considered 3 homogeneous groups of epilepsies with seizures during infancy as control groups: Dravet syndrome (DS), benign familial neonatal epilepsy (BFNE), and structural focal epilepsy with temporo-occipital seizures (SFTOS). The last group was recruited after our finding of predominant posterior seizures in the EIMFS cohort.
EEG recordings used in this study lasted from 40 minutes to 24 hours. The number of channels available varied from 8 (EEG <3 m : n = 3 patients) to 11 electrodes (EEG 7-12 m : n = 4 patients) depending on age. EEG data were recorded, according
Key Points
• Seizures evolved with a stable frequency (4-10 Hz) and initiated predominantly in temporal and occipital areas • The migration pattern was not random but consisted of a particular propagation following the classical propagation pathways • A high intraindividual reproducibility of temporospatial dynamics of seizures was constant • EEG markers (time delay and phase correlation) accessible to visual evaluation will improve the diagnosis of EIMFS to the 10/20 international system with Fpz as reference, by 3 different digital acquisition systems (Natus Medical Inc., Micromed, and Nicolet). Signals were sampled at 256 Hz, amplified (1000x), and band-pass filtered at 0.16-334 Hz.
| Seizure detection
Seizure onset and offset detection in EIFMS is usually challenging because ictal activity is monotonous with rhythmic theta or alpha on a theta-delta background followed by a brief postictal attenuation. 1 Therefore, we optimized seizure detection using a combination of visual and automated approaches. The mono-channel detection of ictal patterns consisted of a procedure derived from an algorithm developed initially for the automatic detection of fast activities of focal seizures. 18 First, the onset of 20 seizures from 2 patients in our cohort was assessed visually. Second, we computed the spectral power, using the Fourier transform, in the 0.5-30 Hz frequency band with 2 Hz frequency bins over 2, 10-second time windows, positioned just before and just after the marker of seizure onset. The spectral power ratio in these 2 windows was then studied. Seizure onset was associated with a power decrease in the 0.5-4 Hz band and an increase in the 6-30 Hz band. Finally, to maximize the contrast between preictal and ictal activity, an energy ratio (ER) between higher and lower frequency bands was used. The best results, defined as statistically significant (Mann-Whitney U test) changes observed in the ER, were obtained when the ER was computed as the power ratio between the 6-14 Hz and 0.5-4 Hz bands. A similar analysis was made for seizure termination, where opposite dynamics were observed. This observation motivated the use of 1/ER to automatically detect seizure offset. In the second stage, the Page-Hinkley algorithm, 19, 20 also named "cumulative sum algorithm," was applied to the ER and 1/ER to automatically detect ruptures, that is, seizure onset and offset times. This algorithm is known to be optimal for detection of changes in the mean of a noise signal. EEG was visually evaluated to determine the presence of ictal periods using a user-friendly interface implemented on an EEG reviewing software developed in the laboratory (AMADEUS 21 ). All automatically detected seizure onset/ offset markers were manually validated with respect to the visually assessed detection time, and the rare undetected seizure onset and offset were evaluated visually.
| Quantitative analysis of ictal EEG
| Seizure analysis in the time, frequency, and space domains
Mono-channel seizure onset and offset times were used to (1) identify channels (scalp electrodes) involved at seizure onset, (2) determine seizure duration, and (3) identify the spatial location of seizures by identifying the channels exhibiting the predominant frequency band during seizure (a discriminant feature of EIMFS seizures 1 ). We defined the predominant frequency band as the frequency band corresponding to maximal power normalized by the total power computed over a 10-second preictal period. This was computed over a 10-second sliding window, secondby-second and channel-by-channel, for all ictal periods. The spatial location of seizures (maximum power in the predominant frequency band) was analyzed according to the percentage of time under different electrodes.
| Seizure dynamic and reproducibility
We first visually inspected the evolution of the predominant frequency band across channels and qualitatively categorized seizures as follows: "not a migrating seizure," "interhemispheric migrating seizure," "intrahemispheric migrating seizure," or "inter-and intrahemispheric migrating seizure" ( Figure S1 ). This visual analysis was complemented by 2 quantitative analyses. First, "chronograms," describing channel-by-channel increase or decrease in the predominant frequency band power, were established for all recordings. These chronograms provided a synthetic and condensed view of seizure dynamic patterns despite their long duration (several hours). They were also used to estimate the delays (t 
| Seizure classification based on EEG features
We determined 2 features specific to EIMFS. The first, named "time delay index" (TDI), was obtained from chronograms. For each multichannel EEG recording, TDI was defined as the median of (t i S À t j S ) and quantified the average delay of involvement of mono-channel seizures j compared to the first one implicated i during a seizure S. The second feature, named "phase correlation index" (PCI), was derived from the functional connectivity analysis. To determine PCI, we calculated the mean of R 2 , between the different channels involved in the seizures, among 2 bandpass-filtered signals (0-4 and 4-10 Hz bands). The maximal value was then selected. We determined the value of TDI and PCI of seizures from different groups: EIMFS, DS, SFTOS, and BFNE.
| Statistical analysis
Kruskal-Wallis tests (presented as follows: H (degrees of freedom) = chi-square, P value) were used to test the value of our candidate EEG markers to discriminate seizures of EIMFS from those of BFNE, SFTOS, and DS. In case of significant Kruskal-Wallis tests, pairwise procedures (Steel-Dwass-Critchlow-Fligner multiple comparison test 23 ) were applied. To discriminate EIMFS from non-EIMFS seizures, EEG markers and their interactions were first evaluated by univariate logistic regressions. After verifying the absence of severe multicollinearity (variance inflation factor <5), significant markers were included in forward stepwise logistic regression based on Bayesian information criteria (BIC). The final model was evaluated using Likelihood-ratio, Score, and Hosmer-Lemeshow tests. The impact of the selected factors is presented as follows: adjusted odds ratio (OR adj , confidence interval 95%).
We used a cross-validation method to determine the performance of our model to classify seizures between non-EIMFS and EIMFS. This method seemed to be particularly suitable in our case due to the number of samples of EIMFS seizures. In this method, our total sample of seizures containing EIMFS and non-EIMFS seizures is divided into 5 equal parts. Then, 4 parts are used as a training set for the statistical model and the last part is used to validate the model. Finally, we compared the predicted and real data of the trainings set. This method was repeated 500 times to determine accuracy, sensitivity, specificity, and the area under the receiver-operating characteristic (ROC) curve of our classifier (AUC).
A standard P value <0.05 was considered as statistically significant. Normal data were reported as follows: mean ± standard deviation and nonnormal data as: median [first quartile − third quartile].
| RESULTS
| Data collection
We included 7 EIMFS patients with KCNT1 mutations (five male; seizure onset from 2 hours to 2 months; Table 1 ). The EEG studies were performed at the age of 5.7 ± 3.9 months (1.8-12 months). Three patients were recorded by 8-channel EEG and 4 by 11-channel EEG (Table 1) . One hundred fifteen seizures have been automatically detected using the Page-Hinkley algorithm and visual inspection corresponding to 1010 seizures detected on all available channels.
The control group involved 17 patients. Eight patients had SFTOS (EEG at 5.6 ± 3.3 months) including 3 with focal dysplasia, one with Sturge-Weber syndrome, 3 with meningoencephalitis, and one patient with a brain tumor. Four had DS (EEG at 7, 16, 17, and 39 months) and 5 BFNE (age 1.6 ± 0.4 weeks). We studied 16 seizures from SFTOS, 5 from patients with Dravet syndrome, and 9 from BFNE. The clinical aspects of SFTOS seizures could be regrouped into 3 subgroups: subclinical, behavioral arrest associated with eye deviation, and predominantly hemi-corporeal clonic seizures involving the face with loss of contact and ocular revulsion. On the EEG, seizures started in temporo-occipital areas with a progressive increase in amplitude and rapidly diffused to the hemiscalp and regularly to the entire scalp. The discharge frequencies belonged to the bands mainly theta, sometimes delta, and rarely alpha. The duration of these seizures was 147 ± 82 seconds. BFNS seizures (72 ± 22 seconds) corresponded to an asymmetric tonic extension followed by clonia spreading, synchronously or not, to all limbs, mostly associated with apnea. Electrically, there is a sudden and brief diffuse flattening followed by a wide rhythmic slow wave, sometimes predominating on frontal, temporal, or central channels and then spreading rapidly, becoming faster and faster, with rhythmic peaks and tips predominant in theta band, and then gradually spreading apart with a fairly sharp stop. DS seizures (average duration of seizures was 96 ± 31 seconds) have been recorded during sleep and corresponded to tonic focal seizures rapidly spreading to all limbs followed by clonia. On EEG, seizures corresponded to ictal theta-alpha activities beginning in frontocentral, occipital, or temporal areas, rapidly diffusing to the contralateral hemisphere and then generalized.
| Quantitative description of EIMFS
We first analyzed the characteristics of EEG signals at seizure onset. For every single patient the seizure onset involved the right or left hemisphere ( Figure 1A , pie chart), suggesting multiple and bilateral seizure-onset zones. For Patients 1, 2, 6, and 7, more than 60% of seizures (n = 48/68 seizures) started in the left hemisphere, whereas for Patient 4, 85% of seizures started on the right (n = 17/20). In 2 patients, there was no clear predominance on the seizure-onset side. Most seizure onsets (76%, n = 88/115) were detected in temporal and occipital areas, whereas a few seizures started in the frontal area (13%, n = 15; Figure 1A Quantitative analysis showed that seizures were mostly located in the temporal and occipital areas ( Figure 1D ). Seizures predominated under temporal channels for 4 patients, who were older and had an 11-channel EEG recording and under occipital channels for the 3 other younger patients with an 8-channel EEG recording.
| Dynamics of seizures in EIMFS and other groups
The evolution of EEG power in the 4-10 Hz frequency band of EIMFS-migrating seizures was visually compared with seizures recorded in Dravet syndrome, SFTOS, and BFNE. In EIMFS, the seizure-induced power increase in the 4-10 Hz frequency band, occurred simultaneously in a small number of channels (2-3), with an irregular aspect reflecting an alternating increase and decrease in power within a single seizure (Figure 2A 1) . EIMFS-migrating seizures were characterized by a pronounced time delay between the power increase in the first channel and the subsequent ones. The power increase in the subsequent channel was concomitant with power decrease in the initial one. Conversely to EIMFS, seizures in the other groups presented an almost simultaneous increase of power in a large number of channels, without a clear time delay among the different channels (Figures 2A 2, 3, and 4) . The time delays of EIMFS-migrating seizures and control group seizures are presented and quantified in the EEG markers section.
EIMFS patients also generated seizures without a migrating pattern. Figure S1 . TDI and PCI between EIMFS and non-EIMFS seizures are presented in Figure S2 . The study of migrations' distribution in the electrode space showed that migrations were not random but followed particular patterns ( Figure 2B ). Seventy-seven percent of seizures with interhemispheric migrating seizures (Figure 2A 1, right  panel) . We noted that seizures in younger infants (<3 months, Figure 2B 1 ) migrated only between homologous occipital channels, whereas older infants (7-12 months, Figure 2B 2) generated seizures able to migrate onto both occipital and temporal contralateral channels. In the EEG <3 m group, the intrahemispheric migrations implicated mainly the temporal, central, and occipital channels, and 49% of intrahemispheric seizures migrated between temporal and occipital channels ( Figure 2B 1) . In EEG 7-12 m , the intrahemispheric migrations implicated mainly the frontotemporal, the temporal, and the occipital areas (Figure 2A 1, left panel) and 42% of the intrahemispheric migrations originated from temporal electrodes mainly to the occipital electrode (21%, Figure 2B 2).
The spatiotemporal dynamics of seizures in EIMFS were quantified using chronograms, enabling comparison, for a given infant, of all seizure dynamic patterns and assessing their reproducibility over a long-term scale; 62%-90% (8/13 to 9/10) of one patient's seizures could be represented in 2-3 chronogram patterns (Figure 3) .
Dynamics of the migrations were analyzed in the electrode space of EEG 7-12 m , measuring the power increase as well as the phase relationships in the following frequency bands: 0.5-4, 4-10, 8-12, 12-30, and 30-60 Hz (Video S1).
The temporal courses of power and coherence were similar in the different frequency bands, especially between 4 and 30 Hz. The results were therefore presented for the 4-10 Hz band. Migration consisted in 3 successive steps. The ictal activity began in one channel with an important power increase in the frequency over 4 Hz followed by a phase coherence increase with a contralateral homologous channel (interhemispheric migration) or with ipsilateral channels (intrahemispheric migration). Finally, a second ictal activity started from one of the phase coherence links and became rapidly independent of the first one (Figure 4 ).
| EEG markers of EIMFS
We identified 2 EEG markers specific for EIMFS, obtained from quantitative EEG analysis and comparisons with EEG recordings of patients with DS, BFNE, and SFTOS ( Figure 2A ). Figure 5B). The PCI during EIMFS seizures (6.3 [5.8-7 .1]%) was lower than in BFNE (8.8 [8.1-9.4]%, P = 0.0005) and FS (9.8 [8-11.5]%, P<10 -4 ), but was not statistically different in the case of SFTOS (7.1 [7.1-9.6]%, P = 0.14). The ability of these 2 EEG markers to discriminate EIMFS seizures from non-EIMFS seizures and their possible interactions was statistically significant using univariate logistic regression (all P ≤ 0.006, Figure 5C ). After selection of the best model using the Bayesian information criteria (BIC), the model selected seemed to be adequate (BIC: 42, Likelihood-ratio test: χ2 = 60, P<10 -4 and the Score test: χ 2 = 33, P<10 -4 ) and fit to the data (HosmerLemeshow test: χ 2 = 0.87, P = 0.99). In this model, TDI (OR adj : 0.85 (0.77-0.95), P = 0.004) and PCI (OR adj : 3.5 (1.6-8.1), P = 0.003) were found to be independent predictors of EIMFS seizures. We employed 500 rounds of fivefold cross-validation to assess our model's performance. The classification accuracy rate of our model was 88.4%, with a specificity of 91.2% and a sensitivity of 84.4%. The AUC of the performance curve (ROC) of our classifier was 0.88.
| DISCUSSION
This study reports an original quantitative EEG-based analysis in a developmental epileptic encephalopathy of genetic origin. The first impact of our results is the potential to standardize and improve the diagnosis of EIMFS by determining quantified characteristics of seizures. Our results support that seizures in patients with EIMFS due to KCNT1 mutations are stereotyped and starting in ) dynamics in the electrode space during seizures. Seizure corresponded to an increase of power restricted to a low number of channels, which is consistent with the first epileptic focus (red ellipses). The increase in power rapidly influenced a large number of channels including the channels of secondary epileptic foci (green arrow). Then the power in the secondary epileptic foci (green ellipses) increased, and this focus became independent from the previous one temporal and occipital areas with possible implication of both hemispheres. Migration was a particular type of propagation, with the first ictal activity influencing the localization of the second one.
The KCNT1 channel is widely distributed in all layers of the cortex, and its pathologic mutation generates a global cortical hyperexcitability all over the cortex, 12, 24 which would fit with a random localization of the onset and migration of seizures, as suggested previously. 1,25 Our study did not confirm the visual impression, but allowed the pattern to be better refined.
First, we demonstrated that the onset of seizures and the predominant localization of the 4-10 Hz power band during seizures were not random, but located mostly in the temporal and occipital areas. Second, we showed that seizure propagation followed a 3-step sequence that consisted of an increase of power in the frequency over 4 Hz, a phase coherence increase, followed by a power increase in targeted areas. This result suggests a causal relationship between distant epileptic foci during seizure propagation, and that migration is a particular type of propagation and does not result from independent seizures. Third, most of F I G U R E 5 EEG markers of seizures related to KCNT1 mutation. A, The time delay index (TDI) is significantly different from other types of infantile epilepsy syndrome. EIMFS due to KCNT1 mutations (n = 7, seizures = 35, 5 seizures per patient), benign familial neonatal epilepsy (BNFE) related to KCNQ2 mutations (n = 4 patients, seizures = 9), Dravet syndrome (DS) related to SCN1A (n = 4 patients, seizures = 5), and structural focal epilepsy with temporo-occipital seizures (SFTOS) (n = 8 patients, seizures = 16). B, The phase correlation index (PCI) is significantly lower than those calculated in BNFS and symptomatic FS. C, Combination of the 2 EEG markers enables discriminating EIMFS seizures from non-EIMFS seizures. **P ≤ 0.005 , ***P ≤ 0.0005, ****P ≤ 0.0001 interhemispheric migrating seizures propagate from temporal and occipital channels to the contralateral homologous channels, also arguing for nonrandom, deterministic propagation pathways. Finally, chronograms indicate that, for a given patient, the majority of seizure propagation can be classified into 1-3 patterns, and often follows the same pathways. The presence of different propagation patterns, in association with the causality link between epileptic foci, might give a visual impression of unpredictable seizure onset and end. These data could not be easily evaluated visually and confirmed that quantitative analyzes are more suitable to appreciate seizure propagation and dynamics. Moreover, our study suggests that EIMFS seizure propagation follows classical pathways. Indeed, 3 main pathways are described for seizure propagation: intracortical, white matter mediated, and subcortical nuclei-mediated spreads. 26 The intracortical propagation, mainly through nonmyelinated axons, gives the impression that seizures spread like a "diffusing oil spot progressively engulfing increasingly large numbers of neurons." 26 This type of spread is described in EIMFS in the first description (ictal pattern consisted "of rhythmic theta activity or alpha followed by theta activity, restricted to one region, and progressively involving adjacent areas" 1 ) and is present in two-thirds of seizures of EIMFS. The white matter propagation follows the network known as the human connectome. Most intraand interhemispheric pathways are in place from birth anatomically and functionally. 27, 28 The interhemispheric pathways connect homologous regions mainly via the corpus callosum. In our study, 77% of interhemispheric migrations involved homologous temporal or occipital regions. Intrahemispheric migrations were mainly between temporal and occipital, occipital and central, and frontal and temporal channels. These regions are known to be strongly interconnected by white matter pathways and are involved in seizure propagation. 29, 30 The subcortical nuclei-mediated spreads were probably not involved in the EIMFS patients studied, since cortical-subcortical pathways are implicated mainly in seizure generalization and in infantile spasms. 31, 32 In our studies, some results might be related to the brain maturation sequence such as the strong involvement of temporal and occipital areas and the predominance of migrations between these areas. There is indeed an asynchronous maturation of white matter bundles, from the center to the periphery with a caudorostral gradient. Maturation concerns first the sensory pathways, then the motor pathways, and finally the associative systems. 28, [33] [34] [35] The significant longer TDI (delay between onsets on the different EEG channels) and lower PCI (asynchronous evolution of ictal activities on the different EEG channels) in EIMFS, as compared to the other types of seizures, might represent some unique features of the epileptic network in this syndrome with KCNT1 mutations. These 2 markers have a visual translation for neurophysiologists, which will contribute to improve the definition of migrating seizures. The term "migrating" seems appropriate to characterize the unusual seizure pattern in EIMFS, but needs to be refined. Seizure patterns in EIMFS might result from "diffusing oil spots" though intracortical propagation and migration through white matter propagation. Therefore, migration could be defined as a particular propagation of an ictal activity through white matter fibers, leading to the initiation of a second ictal activity.
The most astonishing feature in EIMFS related to KCNT1 is undoubtedly the paradox between the functional gain of the sodium-activated potassium channel coded by KCNT1, which favors neuronal hyperpolarization, and the appearance of neuronal hyperexcitability leading to such a severe epilepsy. 36 We showed that there is a significant delay between the different ictal activities onsets and that seizures followed classic pathways. One possible explanation could be that the KCNT1 mutation is localized in pyramidal cells and interneurons, leading to a moderate decrease in the excitability of pyramidal cells associated with a severe disinhibition due to an impairment of interneuronal GABAergic function. This study presents some limitations. The number of patients included is low (7 patients with KCNT1); however, EIMFS with KCNT1 mutation is a rare epilepsy, and only 53 patients are reported in total in the literature with few EEG data. 6, 8, [10] [11] [12] [13] [14] 37, 38 The low number of electrodes in the EEG mount used in pediatric intensive care unit (PICU), according to the French recommendations about EEG in PICU, 39 did not allow us to study propagation in the anatomic space and to identify precisely the brain structures implicated in seizure propagation. This might be achieved by coupling high-resolution EEG and brain MRI data in order to reconstruct the seizure propagation at the source level. The choice of control was difficult in this study. Epileptic syndromes in children younger than 1 year are caused by a very broad spectrum of etiologies, and it is difficult to have a homogeneous population. We have chosen here 2 epileptic syndromes with a homogeneous genetic etiology that present seizures before 1 year (DS and BFNC). In order to have a comparable group in terms of age and type of seizures (focal and mainly posterior), we added a group of patients with temporo-occipital seizures with an identified etiology. This study provides a quantitative characterization of a rare type of drug-resistant epilepsy. TDI and PCI could help nonexpert clinicians to better identify and accelerate EIMFS diagnosis in order to optimize the possible healthcare of the patients. However, to date, no efficient drugs have been found to avoid seizures. The absence of mechanistic insight reduces the possibility of new specific therapeutic strategies. Our quantified index related to a very peculiar mode of seizure propagation in EIMFS might represent a key factor to generate realistic simulated seizures with neurophysiologically based computational modeling. 40, 41 Generation of simulated EIMFS able to reproduce similar TDI and PCI might reveal mechanistic insights and uncommon neurobiologic dysfunction that might be helpful for the development of new therapeutics.
To conclude, our study enables the characterization of the migration as a peculiar pattern of propagation resulting from brain classical pathway maturation and the impact of the gene dysfunction. The EEG markers will facilitate the diagnosis at an early stage during the stormy phase. Furthermore, these results pave the way to validate future computational models linking the pathophysiologic mechanisms underlying EIMFS related to KCNT1 mutations and their impact on EEG activity and seizure patterns.
